Introduction
Supercritical water (SCW) and alcohols (SCalcohols) are interesting media in which various characteristic chemical reactions occur [1] . Changing hydrogen bonding structure by pressure and temperature affects reactions, and numerous studies have been made to elucidate the nature of the hydrogen-bonding in SCW and SCalcohols by using various spectroscopic methods such as diffraction, NMR, Raman and so on. However, the study on the solute-solvent interaction is quite limited. Until now, most studies on the solvation in SCW and SCalcohols are limited to the solvatochromic shifts of absorption and fluorescence of organic molecules dissolved in there fluids. For example, absorption solvatochromic shift of p-nitroaniline (PNA) has been investigated extensively by several groups. PNA is a typical push-pull type molecule (see figure 1) , whose absorption shows a red-shift with increasing the solvent polarity. Oka and Kajimoto investigated spectral shift of PNA in SCW, and found that the absorption peak position monotonously shows blue shift with decreasing the solvent density along the isothermal line at 683 K [2] . The local density enhancement around the critical density was only detectable very close to the critical temperature of water. However, the detail information of the solvation around the local functional group such as NH 2 and NO 2 , which may play an important role for the hydrogen-bonding, could not be accessible only by the absorption spectrum. In order to obtain the more detailed information on these points, recently our group applied Raman spectroscopic method to several charge transfer molecules in SCW and SCalcohols. For example, Fujisawa observed the NH 2 stretching mode of PNA in SCalcohols over wide the density region, and found that there is a strong hydrogen-bonding between PNA and solvent molecules even under supercritical conditions in contrast to the prediction from the solvatochromic shift [3] .
In this paper, we will report the results of the photo-excitation dynamics of PNA using the femto-second transient absorption spectroscopy. Since the excited state of PNA is a charge separated state, the recovery process to the ground state is considered as the back-electron transfer process. As is shown in figure 1 , the photo-cycle includes several interesting processes such as the solvation dynamics in the excited state, back-electron transfer, and the vibrational cooling in the ground state. Therefore the system is good to probe the solvation effect of supercritical water. Previously Ernsting et al. made detailed measurements on the photo-excitation dynamics of PNA under ambient condition of water [4] . They measured the transient absorption after the photo-excitation at 400 nm. They observed the back-electron transfer dynamics in sub picoseconds time scale, which can be determined by the bleach spectra below 400 nm. They also observed the vibrational cooling dynamics in the ground state in a pico-second timescale, which can be determined by the hot band absorption in the red-edge of the absorption spectrum. It is quite an interesting issue how these dynamics will change under the supercritical condition. Figure 2 shows a schematic illustration of experimental setup for the femto-second transient absorption spectroscopy. For excitation, a 400nm laser pulse from a Ti:Sapphire regenerative amplifier (Spectra Physics, Spitfire Xp) was employed. For the probe, a white continuum was generated by focusing a 800 nm laser pulse on a CaF 2 crystal plate. The crystal was kept moving during measurement to avoid the damage by the laser pulse. Optical intensities of the probe light passed through the sample cell with pump and without pump were detected by a CCD camera equipped with a spectrometer (Princeton, Insight) by using the optical shutter, and the difference of the optical density (ΔOD) was evaluated. At that time, the fluctuation of the optical intensity was corrected by the reference light separated from the probe light before passing through the cell. The time scan was operated by moving the delay stage. The group velocity dispersion of probe light at each wavelength was corrected by measuring the optical Kerr response at each experimental condition. The system response was estimated to be ca. 350 fs.
Experimental setup
The high-pressure and high-temperature system was described elsewhere [3] . The optical path length was about 5mm and the sample solution was flown at a rate of 0.8 cm 3 min -1 using a highpressure syringe pump (ISCO, 260D). The transient absorption spectra were measured along the isochoric line from 298 K to 664 K at 40.1 MPa, which covered the solvent density range from 1.01 to 0.56 g cm -3 . The typical absorbance of the sample solution was around 1 under ambient condition of water. Figure 3 shows the absorption spectra from 373 to 664K. The peak position shifts from 380 nm to 340 nm for the corresponding change of the thermodynamics state. Figure 4 shows an example of the transient absorption spectra measured at 298K and 40.1 MPa. Left figure shows the spectra in the earlier time from 0.1 to 1 ps and the right one shows the spectra from 1 ps to 5 ps. The spectral region around 400 nm (from 390 nm to 410 nm) was not well measured due to the scattering from the pump pulse and should be neglected. The results are quite similar to those observed by Ernsting's group [4] . In early time within 1ps, a bleach signal of the ground state absorption was observed for the shorter wavelength region below 430 nm and also stimulated emission signal was observed for the longer wavelength region than 460 nm. Within 1 ps, the bleach signal is almost recovered and the transient absorption band was observed in the longer wavelength region than 400 nm. We considered that this band is assigned to the hot band absorption in the ground state after the back electron transfer from the excited state as is assigned previously [4] . In this paper, we focus our attention only on this hot band dynamics due to the limitation of the space.
Results and Discussion
In order to extract the dynamics of hot band decay, we have integrated the transient spectrum at each delay time at the longer wavelength region than 410 nm where the hot band absorption was observed. The obtained time profile at 298 K is shown in figure 5 . The recovery of the bleach (and the disappearance of the stimulated emission signal) was well separated from the hot-band decay dynamics, and the hot band decay was evaluated by fitting the signal to a single exponential decay. Figure 6 plots the obtained hot band decay rate or the vibrational cooling rate (k VER ) against the solvent reduced density (ρ r ) by the critical density of the solvent. With increasing the temperature (or the decreasing the density), the rate once increases to 473 K, then it decreases again. In order to interpret this interesting density (temperature) dependence, we first compare the result with the dependence of the collision frequency, since the molecular collision is a fundamental process for the energy relaxation. According to the isolated binary collision (IBC) model, the vibrational energy relaxation rate is proportional to the collision frequency between the solute and solvent (Z) and to the energy dissipation efficiency per collision (P(T)). In a simple model where a collision is defined as event where two molecules approach each other to within a certain distance σ, the rate of the vibrational energy relaxation is given by [5] 
where g(ρ,T,σ) the value of the radial distribution function between solute and solvent at the distance of σ. In figure 6 , we have also plotted the solvent density dependence of Z assuming that g(ρ,T,σ) is unity. The value of Z is scaled by the value (Z 0 ) ay 298 K and 40.1 MPa. As is shown in the figure, Z/Z 0 takes a maximum value at 473 K, due to the competition of two factors: increasing the temperature and the decreasing the density. The observed maximum of the cooling rate can be explained by the collision frequency. However, from 573 to 664 K, the correspondence between the cooling rate and collision frequency is not so good.
One of the possible reasons for this difference is the effect of local density enhancement, i.e. the density (temperature) dependence of g(ρ,T,σ). In supercritical region, the solvent density around solute tends to be higher than bulk density. As a result, collision frequency becomes higher than the calculated value. Another possibility is hydrogen bonding effect. As is mentioned in the introduction, a significant solute-solvent hydrogen-bonding for PNA exists even under the supercritical condition of alcohols. Although we have not measured the hydrogen-bonding between PNA and SCW, the study using NMR by Matubayasi et al. indicated that significant hydrogen-bonding between water molecules exists in SCW even near the critical density [6] . Therefore it is expected that the energy dissipation through the hydrogen-bonding between PNA and water molecules may be effective even under the high-temperature and lower-density conditions. Although quantitative estimation is difficult at present, we believe these two factors above-mentioned affect the vibrational cooling rate. To evaluate how local density enhancement and hydrogen bonding effect on the cooling rate, the further low-density data near the critical density will be helpful which is now under investigation. 
